Complement activation limits the rate of in vitro treponemicidal activity and correlates with antibody-mediated aggregation of Treponema pallidum rare outer membrane protein.
A modification of the in vitro immobilization assay together with freeze-fracture analysis was used to determine the factors responsible for the prolonged time required in vitro to achieve killing of Treponema pallidum subsp. pallidum. The modified immobilization assay permitted separate determination of the time required for binding of antibody to the surface of T. pallidum and for C activation. Treponemes were preincubated in heat-inactivated immune rabbit serum (IRS) followed by washing the organisms in 2.5% BSA/PBS to remove unbound IRS antibody before the addition of C. The results showed that a comparable degree of C-dependent killing occurred when treponemes were preincubated in heat-inactivated IRS for either 30 min or 16 h, indicating that treponemicidal antibody rapidly binds to the surface of T. pallidum. Preincubation of treponemes for 17 h in heat-inactivated IRS followed by a 1-h incubation in C resulted in the loss of 80% treponemal motility, indicating that C activation results in rapid killing of T. pallidum. Treponemes preincubated in IRS for 1 h, then incubated for 8 h and 16 h in heat-inactivated normal serum also lost a significant level of motility after the addition of C; in contrast, motility was unaffected after 30 min and 4 h of incubation in heat-inactivated normal serum under similar conditions. These results demonstrate that, whereas antibody binding to and C-mediated killing of treponemes can proceed rapidly, the prolonged time to C activation limits the rate at which treponemicidal activity occurs in vitro. In addition, treponemicidal activity using the modified immobilization assay could not be demonstrated with antiserum against T. pallidum endoflagella, antiserum against proteins solubilized from T. pallidum using the detergent Triton X-114, and a mAb to the T. pallidum r190-kDa "4D" protein, suggesting that these molecules are not accessible to surface binding antibody. Freeze-fracture analysis, recently used in our laboratory to demonstrate that the outer membrane of T. pallidum has rare constituent protein, was utilized to demonstrate outer membrane target Ag of IRS antibody. T. pallidum rare outer membrane protein (TROMP) molecules were shown in freeze-fracture electron micrographs to be consistently aggregated following a 16-h incubation of treponemes in IRS. In contrast, no aggregation of TROMP was present in treponemes incubated in normal rabbit serum for 16 h or in treponemes incubated in IRS for 2 h. These findings suggest that the rate of C activation leading to in vitro treponemicidal activity is limited by the time required for aggregation of antibody-bound TROMP molecules.